A missense mutation in the fibroblast growth factor 14 (FGF14) gene underlies SCA27, an autosomal dominant spinocerebellar ataxia in humans. Mice with a targeted disruption of the Fgf14 locus (Fgf14 −/− ) develop ataxia resembling human SCA27. We tested the hypothesis that loss of FGF14 affects the firing properties of Purkinje neurons, which play an important role in motor control and coordination. Current clamp recordings from Purkinje neurons in cerebellar slices revealed attenuated spontaneous firing in Fgf14 −/− neurons. Unlike in the wild type animals, more than 80% of Fgf14 −/− Purkinje neurons were quiescent and failed to fire repetitively in response to depolarizing current injections. Immunohistochemical examination revealed reduced expression of Nav1.6 protein in Fgf14 −/− Purkinje neurons. Together, these observations suggest that FGF14 is required for normal Nav1.6 expression in Purkinje neurons, and that the loss of FGF14 impairs spontaneous and repetitive firing in Purkinje neurons by altering the expression of Nav1.6 channels.
Introduction
The autosomal dominant spinocerebellar ataxias (SCAs) are heterogeneous neurological disorders characterized by progressive cerebellar ataxia that also often present with paroxysmal dyskinesia, tremor, abnormal eye movements, and/or cognitive impairment (Schols et al., 2004; Taroni and DiDonato, 2004; Zoghbi, 2000; Zoghbi and Orr, 2000) . The unexpected findings of ataxia, dystonia and tremor in mice with a targeted disruption in the Fgf14 locus (Wang et al., 2002) suggested a role for FGF14 in regulation of motor function, and led directly to the identification of a mutation in FGF14 in a family with a new type of progressive spinocerebellar ataxia now referred to as SCA27 (Van Swieten et al., 2003) . Affected individuals in this family possess a missense mutation (F145S) in the FGF14 gene on chromosome 13q34 (Brusse et al., 2005; Van Swieten et al., 2003) . Interestingly, a single base pair deletion, leading to a frameshift mutation (D163fsX12) in FGF14 has also been identified in an individual patient presenting with ataxia and mild mental retardation (Dalski et al., 2005; Soong and Paulson, 2007) .
FGF14 belongs to the intracellular fibroblast growth factor subfamily (iFGF) that also includes FGFs 11-14 (Itoh and Ornitz, 2008) , proteins that are widely expressed in the nervous system (Smallwood et al., 1996; Wang et al., 2000; Yamamoto et al., 1998) . Unlike the other members of the FGF family, iFGFs are not secreted and do not interact with classical tyrosine kinase FGF receptors (Itoh and Ornitz, 2008; Olsen et al., 2003; Ornitz and Itoh, 2001; Smallwood et al., 1996) . Members of the iFGF subfamily, however, have been shown to colocalize with voltage-gated sodium (Nav) channels, to interact with the C-termini of Nav channel pore-forming (α) subunits (Goldfarb et al., 2007; Laezza et al., 2007; Liu et al., 2001; Liu et al., 2003; Lou et al., 2005; Wittmack et al., 2004) , and to modulate hippocampal and granule cell excitability (Goldfarb et al., 2007; Laezza et al., 2007; Wozniak et al., 2007; Xiao et al., 2007) .
Purkinje neurons are the sole output of the cerebellum, critical for motor regulation and coordination (Burgess et al., 1995; GrusserCornehls and Baurle, 2001; Koeppen, 2005; Kohrman et al., 1996; Levin et al., 2006; Sausbier et al., 2004; Trudeau et al., 2006) . A distinctive feature of mature Purkinje neurons is the robust expression of Nav1.6-encoded sodium channels (Afshari et al., 2004; Krzemien et al., 2000; Raman et al., 1997) , the channel that underlies the "resurgent" sodium current that is critical for sustaining the characteristic high frequency firing of these cells (Raman et al., 1997) . Mutations in human SCN8A, which encodes Nav1.6, are associated with cerebellar atrophy and ataxia (Trudeau et al., 2006) . In addition, mice in which Scn8a has been disrupted or that lack Nav1.6 specifically in Purkinje neurons display cerebellar ataxia and impaired Purkinje neuron firing (Kohrman et al., 1996; Levin et al., 2006; Raman et al., 1997) . These observations suggested that the 
